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We calculate the parity-nonconserving longitudinal asymmetry in the elastic pp scatter- 
ing at the energies where experimental data are available. In addition to the standard 
one-meson exchange weak potential, the variation of the strong-coupling constants and 
the non-standard effects such as form factors and 2-7r-exchange description of the p- 
exchange potential are taken into account. With the extra effects, we investigate the 
compatibility of the experimental data and the presently-known range of the vector- 
meson weak-coupling constants. 



1. Introduction 

The measurements of the parity-nonconserving (PNC) asymmetry in pp scattering 
at both low energies (13.6 and 45 MeV) and at high energy (221 MeV) have been 
expected to determine the pNN and ojNN coupling constants of a one-meson ex- 
change model of the PNC NN force. The analysis has been recently performed 
by Carlson et al.^ , and they obtain a positive loNN PNC coupling. Though their 
results do not disagree with the largest range provided by Desplanques, Donoghue 
and Holstein (DDHjS updated calculations of the weak-coupling constants do not 
give much room for positive values of the ujNN weak coupling . 

With the DDH "best-guess" values of PNC meson-nucleon couplings, the contri- 
bution of PNC effects in pp scattering is dominated by the p-meson exchange. When 
the low-energy data are well reproduced, it gives a result suppressed roughly by a 
factor of 2 at high energy. In this work, we concentrate on the p-meson exchange 
with various effects such as strong-coupling constants of the p and u> mesons, form 
factor in the strong or weak vertice a ' ' and the two-pion resonance nature of the p 
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mcso rW We investigate the role of these effects and whether they can give results 
that satisfy all the low and high-energy data simultaneously with a negative ujNN 
weak-coupling constant. We illustrate the most important features of the work only, 
and the details will be given elsewhere^. 



2. Extra effects 



Coupling constants 

The concerned PNC potential reads 



V P (r) = - 



9pNN 

tun 



K Ti 



1 



1-2 + -h\{-rf + rf ) + 



2V6 

((o-! - cr 2 ) • {p, f p+ (r)} - (tri x cr 2 ) • r/ p _(r)J 



(1) 



In the one-meson-exchange description, f p+ is the usual Yukawa function, 
e~ mpT /iwr, and f p -(r) is its derivative with respect to r (with the factor + 
The relevant PNC coupling constants are = h° p + h 1 p + h 2 p /V6 and hPJ = h%+h x u 
and their "best-guess" values are —15.5 and —3.04, respectively. We consider the 
variations on the strong-coupling constants g P NN and Ky as well as g^NN and ks- 
Our choices of the strong-coupling constants are summarized in Tab. ^ 



Table 1. Sets of the strong-coupling constants. The cut- 
offs A p and A u are in units of GeV. 





9pNN 


3uNN 




«s 






SI 


2.79 


8.37 


3.70 


-0.12 






S2 


2.79 


8.37 


6.10 









S3 


2.79 


8.37 


3.70 


-0.12 


1.31 


1.50 


Cal 


3.25 


15.58 


6.10 





1.31 


1.50 



Form factor at the strong vertex 

In Tab.Q the set S3 introduces the cutoffs in the strong meson-nucleon vertices 
in the PNC potential. With a monopole-type form factor, the normal Yukawa 



function is modified as 



-Ar 



1 



■ A-, 



1 - 



m 
A2 



(2) 



Contributions with 2ir and N* intermediate states 

In order to account for the two-pion resonance nature of the p-meson, we rely on 
the work presented in Ref. El based on dispersion relations. In this formalism, only 
stable particles are involved and the p-meson appears indirectly in the transition 
amplitude NN — > irir through its propagator. To satisfy unitarity, the width of 
the p-meson has to be accounted for. A background contribution involving the 
exchange of the nucleon and the A or N* resonances in the t-channel includes the 
three lowest-lying resonances, A(1232), 7V(1440) and 7V(152oj3. 
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Table 2. Sensitivity of the PNC asymmetry, A L (xl0 7 ), to dif- 
ferent choices of strong-coupling constants or to monopole form 
factors, and comparison with experiment. 



Strong 


SI 


S2 


S3 


Cal 


Exp. 


13.6 


-0.96 


-1.33 


-0.66 


-1.13 


-0.95 ±0.15 


45 


-1.73 


-2.39 


-1.16 


-2.00 


-1.50 ±0.23 


221 


0.43 


0.75 


0.25 


0.52 


0.84 ±0.29 



Correction at the weak vertex 

As a result of a specific dynamics, the weak meson-nucleon interaction may 
acquire a momentum dependence that cannot be reduced to a monopole form factor. 
This could affect in particular the isoscalar pNN coupling . In momentum space, 
the corresponding NN interaction here represented by the meson propagator, (q 2 + 
m 2 ) -1 , in absence of form factor, can be approximately parametrized as 

The Fourier transformation to configuration space gives 

A' 2 + m 2 n 2A' 2 
fp+(r) = A^J p fp(r) TfS-Z-i Mr). (4) 



3. Results and discussions 

Coupling constants and form factor at the strong vertex 

In Tab. |21 we show our results with various strong-coupling constants and form 
factors. DDH "best-guess" values are employed for the weak couplings. The result- 
ing asymmetry is sensitive to the strong couplings as well as the form factor, but 
results do not fall within experimental error bars simultaneously. 
Corrections with 2ir and N* 

The effect of the 2ir + N* contribution is investigated with the strong parameter 
sets SI and S2, and DDH "best-guess" values for the weak-coupling constants. The 
results are summarized in Tab. 01 In the column for 2ir + N*, the numbers in the 
parentheses represent the ratios (27r + A r *)/(barep). The 2ir + N* contribution gives 
a relatively larger enhancement at 13.6 MeV than at the remaining two energies, 
but as a whole, the ratios are similar. Since the magnitudes of the asymmetry at 
13.6 and 45 MeV are larger than that at 221 MeV, similar ratios give more increase 
of the asymmetry at low energies. As a result, 2tt + N* with SI gives asymmetries 
out of the error bars at all the three energies. For S2, the 2ir + N* contribution 
worsens the situation at low energies, while keeping it at 221 MeV. 
Correction at the weak vertex 

The results with the form factor given by the chiral-soliton model at the isoscalar 
weak pNN vertex are given in Tab. The set SI is used for the strong parame- 
ters and DDH "best-guess" values for the weak couplings. The asymmetry is also 
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Table 3. Sensitivity of the PNC asymmetry, A L (xlO 7 ), to the effect of 
the finite p-width correction of the weak potential. 





SI 


S2 


Exp. 


bare p 


2vr + N* 


bare p 


2tt + N* 


13.6 


-0.96 


-1.22 (1.27) 


-1.33 


-1.70 (1.28) 


-0.95 ±0.15 


45 


-1.73 


-2.14 (1.24) 


-2.39 


-2.97 (1.24) 


-1.50 ±0.23 


221 


0.43 


0.53 (1.23) 


0.75 


0.93 (1.24) 


0.84 ± 0.29 



Table 4. Sensitivity of the PNC asymmetry, A L (xlO 7 ), to the 
effect of a specific correction of the isoscalar PNC pN TV-vertex. 



A' (GeV) 


bare p 


3 


1.31 


0.771 


13.6 


-0.96 


-1.04 


-1.33 


-1.69 


45 


-1.73 


-1.88 


-2.38 


-2.92 


221 


0.43 


0.47 


0.61 


0.67 



sensitive to the values of the cutoff A', but in this case again, the correction at the 
PNC vertex does not change the trends we have been observing in other cases. 

4. Conclusion 

We calculated the PNC asymmetry in pp scattering at the energies 13.6, 45 and 
221 MeV. We investigated the role of the effects such as different strong-coupling 
constants, cutoffs in the regularization of the potential, long-range contributions to 
the p-exchange PNC potential and PNC form factors of the isoscalar pNN vertex. 
The effects we considered in this work are not helpful to solving the problem raised 
in the introduction. With this observation, we'd like to suggest the following issues: 
The first one is that the value of the ujNN coupling, its sign in particular, is 
correct. This implies that present estimates are missing important contributions. 
The second issue is the existence of large corrections to the PNC single-meson 
exchange potential. The last issue concerns the experiment, especially at the highest 
energy of 221 MeV. Whatever the issue, they are quite interesting problems to be 
studied in the future. 
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